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A b s t r a c t
A study of fallow lands in the Podlaski Przełom Bugu 
(Podlasie Bug River Gorge) mesoregion was conducted over the 
period 2001–2004 in 77 villages belonging to 20 municipalities 
located in the Bug River valley along the stretch of the river 
from Terespol to Małkinia Górna. The aim of this study was to 
carry out a survey of vascular plants in fallow lands and to per-
form their multifaceted analysis. The study investigated quanti-
tative and qualitative changes taking place in fallow vegetation 
with the passage of time from the abandonment of purposeful 
cultivation. Plant patches in 1–2-year, 3–6-year, 7–10-year and 
more than 10-year fallows were studied. Vascular plants of fal-
low lands within the study area comprise 442 species. 3–6-year 
fallows were richest in species (355). With increasing fallow 
age, the number of species decreased to 205 species in fallows 
older than 10 years. Hemicryptophytes dominated in plant com-
munities of fallow lands. Therophytes were the co-dominant 
biological type in the youngest fallows. Chamaephytes and geo-
phytes in all fellow age groups accounted for about 5%. Among 
vascular plants of fallow lands, native species dominated and 
their percentage increased with increasing fallow age, while at 
the same time the proportion of archeophytes decreased. With 
the increasing age of fallows, the proportion of species charac-
teristic of forest communities also increased, whereas the per-
centage of segetal species simultaneously decreased. With the 
passage of time from the abandonment of cultivation, one can 
observe the evolution of plant cover of fallow fields from sege-
tal communities towards less synanthropic communities. 
Key words: vascular plants, fallow lands, Podlaski Przełom 
Bugu, multifaceted analysis
INTRODUCTION
Agricultural landscape is a result of human-
induced transformations of the natural environment 
which have been going on for centuries. It is a domi-
nant type of landscape in Poland and in most European 
countries [1]. Agriculture impacts the natural environ-
ment and creates habitats for many organisms, among 
which some have a positive effect on agroecosystems, 
while other ones affect them negatively [2].
The increasing intensification of agriculture, 
which has been observed in recent years, has a nega-
tive effect on the biological diversity of agricultural 
landscape in our country and across Europe [3]. Ex-
tensively cultivated agricultural land of high environ-
mental value is disappearing. Intensive farming is used 
more and more frequently on good quality agricultural 
land, whereas poorer soils are fallowed or forested. In 
the municipalities located within the Podlaski Przełom 
Bugu mesoregion, the estimated area of fallow land is 
8.5% of total agricultural land and it most often results 
from low production capacity of these soils. Adverse 
changes take place in fallow fields in which no pur-
poseful agronomic treatments are carried out, among 
others the following: physical and chemical degrada-
tion of the soil, contamination of the soil of fallow 
land and adjacent fields with weed seeds, expansion 
of persistent species [4,5]. On the other hand, fallow 
lands perform important environmental functions: 
they increase biodiversity, are a refuge for animals and 
an element of ecological corridors, form a biological 
buffer, and diversify the agricultural landscape [4,6,7].
The aim of the present study was to carry out a 
survey of vascular plants in fallow lands in the Pod-
laski Przełom Bugu mesoregion and to perform their 
multifaceted analysis. The study also determined qu-
antitative and qualitative changes taking place in va-
scular plants of fallow lands, depending on the period 
of time passed from the abandonment of cultivation.
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THE STUDY AREA
The study area is situated in eastern Poland. Ac-
cording to the physico-geographical division of K o n -
d r a c k i  [8], it is located in the Podlaski Przełom Bugu 
(Podlasie Bug River Gorge) mesoregion. The study 
was conducted in the Bug River valley and it covered 
an area 155 km long and 5 km wide. The investigated 
area is situated on the north-eastern edge of the former 
Upper Cretaceous sea and of the Tertiary inundation. 
Tertiary deposits in the form of sands, silts and clays 
primarily originate from the terrestrial Miocene [9,10]. 
The present river valley was formed by fluvioglacial 
waters of the Central Polish glaciation, the Warta sta-
dial. There are well-developed terraces in the river val-
ley: a floodplain terrace and an alluvial terrace. The 
floodplain terrace formed 1–2 m above river level and 
is composed mainly of medium sands overlaid by flood 
deposits in the form of sandy silts and silty sands. The 
oxbow lakes that occur there are filled with organic and 
alluvial sediments. The alluvial terrace is higher and 
reaches 3–5 m above river level. Within its boundaries, 
there are dunes, hummocks and aeolian sand sheets. 
Moraine plateaus occupy a major part of the study area 
outside the river valley and they are characterized by 
diversity of topographic features [8,9].
The investigated area belongs to the Podlasie-
Polesie climatic region [11]. This region is character-
ized by a large number of cloudy days without pre-
cipitation. The mean annual air temperature is 7–8oC, 
whereas the annual total precipitation ranges from 550 
to 600 mm. The growing season lasts 205–210 days; 
it starts on 5, 6 April and ends on 28, 29 October [12].
Sandy soils of various genetic types have de-
veloped within the study area. These are black boggy 
soils, alluvial soils found in the valleys as well as peat 
soils and muck mineral soils deposited at the bottom of 
the valley landforms within the moraine plateaus and 
in marshy depressions [13].
METHODS
Field investigations were carried out in fallow 
lands of the Podlaski Przełom Bugu mesoregion over 
the period 2001–2004. All fallow lands located with-
in the boundaries of this mesoregion were surveyed. 
400 relevés were made following the Braun-Blanquet 
method [14]. The investigations were carried out in 
77 villages belonging to 20 municipalities. The loca-
tion of these villages within the study area is shown in 
Fig. 1. Floristic inventories were made in the other fal-
low fields. The time passed from the abandonment of 
cultivation was determined based on interviews with 
the residents of the study area and on the basis of the 
authors’ own observations. Four fallow age groups 
were distinguished: 1–2-year, 3–6-year, 7–10-year 
and more than 10-year fallows. In analysing vascular 
plants of fallow lands, the following factors were taken 
into account: the assignment of species to historical-
geographical groups [15–17], the biological type of 
species and their persistence [18–20] as well as the as-
signment of species to sociological-ecological groups 
[17,21]. The following indices were calculated for vas-
cular plants of fallow lands of the Podlaski Przełom 
Bugu mesoregion and for particular age groups:
– apophytization index WApc – the percentage of 
apophytes in the flora;
– anthropophytization index WAnc – the percen-
tage of anthropophytes in the flora;
– archaeophytization index WArc – the percenta-
ge of archaeophytes in the flora;
– kenophytization index WAKnc – the percenta-
ge of kenophytes in the flora;
– modernization index WM – the percentage con-
tribution of kenophytes to the group of naturali-
zed anthropophytes;
– fluctuation index WF – the percentage of er-
gasiophytes [17];
– dominance index C, biodiversity index H’ [22].
RESULTS
442 vascular plant species belonging to 241 
genera and 60 families occur in fallow lands of the 
Podlaski Przełom Bugu mesoregion. A list of species 
and their detailed analysis were published in the pa-
per of S k r z y c z y ń s k a  and S t a c h o w i c z  [23]. 
Communities with the highest number of species de-
veloped in 3–6-year fallows, since there were 355 spe-
cies belonging to 54 families. 284 species representing 
48 botanical families were recorded in the youngest 
(1–2-year) fallows. Fewer species were found in com-
munities in older 7–10-year fallows (236 species) and 
in fallows older than 10 years (205 species) (Table 1).
Regardless of fallow age, hemicryptophytes are 
the dominant biological type (Fig. 2). They have the 
highest percentage (53.4%) among vascular plants of 
7–10-year fallows. In the oldest fallows, the percent-
age contribution of hemicryptophytes is the lowest, 
while the number of phanerophytes increases and their 
percentage reaches 12.7% in this age group. 
In one- or two-year fallows, therophytes co-dom-
inate together with hemicryptophytes. The proportion of 
therophytes in the other fallow age groups gradually de-
creases. Chamaephytes and geophytes are a small part 
of vascular plants in all age groups and they account for 
about 5%. Native species are predominant in all the dis-
tinguished age groups of vascular plants. Their percent-
age increases with increasing fallow age from 70.8% in 
1–2-year fallows to 80.5% in plant patches on the soils 
fallowed for the longest period of time (Fig. 3)
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An analysis of the origin of native species 
shows an increase in the role of native species origi-
nating from forest and thicket communities with the 
increasing time of fallowing from 15.8% in vascular 
plants of the youngest fallows to 25.4% in fallows old-
er than 10 years. Another distinct direction of changes 
is a decrease in the percentage of archeophytes with 
increasing fallow age from 20.4% in 1–2-year fallows 
to 17.6% in fallows older than 10 years (Fig. 4).
Perennial species dominate in all fallow age 
groups (Fig. 5). At the same time, with the passage of 
time without cultivation treatments, the percentage of 
persistent species increases from 54.9% in 1–2-year 
fallows to 68.3% in the oldest fallows.
An analysis of the assignment of species to socio-
logical-ecological groups depending on fallow age shows 
an increase in the proportion of forest species from groups 
1, 2, 3 with the passage of time from the abandonment of 
cultivation. Segetal species from groups 15 and 16 pre-
dominantly retreat. In the case of vascular plants found 
in 3–6-year fallows, one can notice both the agricultural 
past of these phytocoenoses and the directions of changes 
which are shown by the assignment of species to socio-
ecological groups dominant in older fallows (Table 2). 
The apophytization indices (WApc) determined 
for vascular plants according to fallow age groups in-
crease in value with an increasing period of fallowing 
from 70.8% in the youngest fallows to 80.5% in fal-
lows older than 10 years. The higher indices for fallows 
older than 10 years confirm the apophytization process 
taking place in these plant communities. The archaeo-
phytization index (WArc) and the fluctuation index 
(WF) also demonstrate the directions of these changes. 
The former one is 20.4% for the youngest fallows and 
decreases with increasing fallow age down to 13.2% 
in fallows older than 10 years. The fluctuation indices 
also become lower and lower with increasing fallow 
age (Table 3). The percentage of new arrivals among 
vascular plants within the study area, as determined 
by the kenophytization index (WKc), is the highest for 
3–6-year fallows. The degree of modernization (WM) 
of vascular plants in particular age groups ranges from 
0.19 in 7–10-year fallows to 0.30 in the oldest fallows 
(Table 3). 
The most floristically diverse communities de-
veloped in 3–6-year fallows, whereas communities in 
fallows older than 10 years show the lowest values of 
the diversity indices (Table 4), but the species domi-
nance index has the highest values in these fallows.
Fig. 1. Investigated area
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Fig. 2. Biological types of vascular plant species according to age groups of fallows lands in the Podlaski Przełom Bugu mesoregion.
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Fig. 3. Percentage of native and alien species in vascular plants of fallows lands in the Podlaski Przełom Bugu mesoregion.
Table 1
Some qualitative characteristics of vascular plants of fallow lands in the Podlaski Przełom Bugu mesoregion
Specification
Fallow age 
Number of 
species
Number of 
genera
Number of 
families
Families represented in greatest numbers
(20 and more species)
1-2-year 284 180 48
Asteraceae (51), Poaceae (42), Fabaceae (22),
Caryophyllaceae (20)
3-6-year 355 208 54
Asteraceae (62), Poaceae (48), Fabaceae (30),
Scrophulariaceae (24)
7-10-year 236 158 43 Asteraceae (45), Poaceae (28), Fabaceae (25)
>10-year 205 141 45 Asteraceae (35), Poaceae (31)
Vascular plants 442 241 60
Asteraceae (69), Poaceae (57), Fabaceae (38),
Rosaceae (28), Scrophulariaceae (27), Caryophyllaceae (24)
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Fig. 4. Origin of vascular plant species according to age groups of fallows lands in the Podlaski Przełom Bugu mesoregion
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Fig. 5. Persistence of vascular plant species according to age groups of fallows lands in the Podlaski Przełom Bugu mesoregion.
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Table 2
Percentage of sociological-ecological groups in vascular plants according to age groups of fallows lands
in the Podlaski Przełom Bugu mesoregion.
Socio-ecological groups
Fallow age group
1-2-year
(%)
3-6-year
(%)
7-10-year
(%)
>10-year
(%)
for vascular plants
(%)
1 4.6 8.0 5.7 10.7 9.3
2 5.6 7.6 8.9 10.2 7.0
3 1.1 2.2 3.1 2.0 2.3
Total 11.3 17.8 17.7 22.9 18.6
4 7.0 7.9 9.7 7.8 7.2
5 13.0 9.0 14.0 14.6 10.2
Total 20.0 16.9 23.7 22.4 17.4
6 0.7 1.7 1.3 0.5 1.8
7 1.4 1.7 2.5 0.5 2.3
8 4.2 5.6 4.7 2.9 6.3
9 12.0 12.7 12.3 15.6 10.6
Total 16.2 18.3 17.0 18.5 16.9
10 6.7 5.3 6.4 6.3 4.5
11 3.9 2.0 1.7 1.0 2.9
12 3.9 3.4 3.8 3.4 3.2
13 9.9 7.9 8.9 7.8 8.1
14 1.4 3.4 1.7 1.0 3.6
15 10.5 8.7 6.4 5.8 7.7
16 9.9 9.3 6.8 7.3 8.1
Total 20.4 18.0 13.2 13.1 15.8
Species of unknown affiliation with 
regard to socio-ecological groups
4.2 3.4 2.5 2.4 4.7
Deciduous forests and shrub communities
1. Coniferous forests, mixed coniferous forests and their replacement communities
2. Nitrophilous thicket and fringe communities
3. Xerothermic grasslands and fringe communities
4. Psammophilous grasslands
5. Alder carrs and peatlands
6. Aquatic and reed communities as well as riparian forest and thicket communities
7. Moist meadows
8. Fresh and moderately moist meadows
9. Nitrophilous floodplain grasslands and communities subjected to treading
10. Therophytic communities
11. Mesophilic tall-perennial communities
12. Persistent thermophilous ruderal communities
13. Pioneer ruderal communities
14. Weed communities of root crops
15. Weed communities of cereal crops
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Table 3
Synanthropization index for vascular plants according to age groups of fallows lands as well as for segetal habitats
and marginal habitats in the Podlaski Przełom Bugu mesoregion.
Segetal habitats* 1-2-year fallows 3-6-year fallows 7-10-year fallows >10-year fallows marginal habitats**
Wapc 65.6% 70.8% 72.7% 78.8% 80.5% 84.6%
Wanc 34.4% 29.2% 27.3% 21.2% 19.5% 15.0%
WArc 24.1% 20.4% 18.6% 15.7% 13.2% 9.0%
WKc 4.3% 4.9% 5.4% 3.0% 3.9% 4.1%
WM 15.1% 19.7% 22.4% 15.9% 22.9% 31.9%
WF 6.0% 3.9% 3.4% 2.5% 2.4% 2.3%
M 0.18 0.24 0.29 0.19 0.30 0.44
*   [23]
** [24] 
Table 4
Mean values of the biodiversity index (H’) and of the species dominance index (C) in communities of fallows lands
in the Podlaski Przełom Bugu mesoregion.
Plant communities
according to fallow
age groups
Indices
1-2-year 3-6-year 7-10-year Over 10 years
H’ 1.744483 1.800151 1.77714 1.683704
C 0.253602 0.255659 0.237776 0.284412
 DISCUSSION
Fallow lands of the Podlaski Przełom Bugu 
mesoregion are characterized by a richness of vascular 
plants which number 442 species belonging to 241 gen-
era and 60 families. A lower number of species (348) is 
found in agrophytocenoses of this area [24] as well as 
in segetal communities of the neighbouring regions of 
this mesoregion, among others, 361 species in north-
eastern Poland [25] and 320 species in the Siedlce Up-
land [26]. The studied fallows lands are poorer in spe-
cies than the vascular flora of marginal habitats of the 
Podlaski Przełom Bugu mesoregion which comprises 
571 taxa [27]. The marginal habitats compared are 
more varied in trophic terms and in terms of humid-
ity as well as they include different types of commu-
nities. During the initial stage of fallowing (1–2-year 
fallows) when there was no crop plant cultivated, typi-
cal segetal weeds would take control of fallow fields. 
In the biological spectrum of vascular plants, hemic-
ryptophytes (more than 48%) and therophytes (more 
than 35%) are shown to have the highest percentage. 
This is confirmed, among others, by the studies of au-
thors such as H o c h ó ł  et al. [28], P o d s t a w k a -
C h m i e l e w s k a  et al. [29,30], R o l a  [31] as well 
as R o l a  and R o l a  [32]. From the third year of fal-
lowing, there is a decline in the number of therophytes, 
whereas the number of hemicryptophytes increases. 
They have the highest proportion in 7–10-year fallows. 
In the oldest fallows, the percentage contribution of 
hemicryptophytes is lower, but the proportion of phan-
erophytes increases. Similar trends in changes with
a longer period of fallowing are reported, among others, 
by P o d s t a w k a - C h m i e l e w s k a  et al. [30] and 
H o c h ó ł  et al. [28]. A continually increasing propor-
tion of perennial species in fallow fields was recorded 
with the passage of time from the abandonment of cul-
tivation. Their percentage in the youngest fallows was 
54.9%, whereas in the oldest ones it was 68.3%. The pa-
pers of Ł a b z a  et al. [33] and N o w i c k i  et al. [34], 
inter alia, confirm similar changes. Interesting results 
of the study were obtained with respect to the origin of 
species of vascular plants analysed in fallows of differ-
ent age within the Podlaski Przełom Bugu mesoregion. 
Regardless of fallow age, native species dominate and 
their percentage increases with increasing fallow age. 
Species originating from forest and thicket commu-
nities are predominant among native species. This is 
corroborated by the studies of F a l i ń s k i  [35] and 
M a z u r - R y l s k a  et al. [36]. The synanthropization 
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indices are a measure of changes taking place in vascu-
lar plants of fallows lands. As the period of fallowing 
increases from 1–2 years to more than 10 lat years, the 
apophytization indices (WApc) rises by about 10%. 
The anthropophytization indices (WAnc) show a re-
verse trend. K u t y n a  and M a l i n o w s k a  [37] ob-
tained similar results in their study. A comparison of 
these indices with the indices obtained on the basis of 
the studies of other types of habitats in the Podlaski 
Przełom Bugu mesoregion [38,39] shows that vascular 
plants of fallow lands have an intermediate character 
between segetal flora and marginal habitats due to the 
degree of synanthropization. The degree of moderni-
zation (WM) of vascular plants of various age groups 
does not exceed the extreme values determined for 
segetal habitats and marginal habitats [24,38]. In terms 
of biodiversity, the richest communities are found in 
3–6-year fallows, while a longer time of fallowing re-
sults in species impoverishment of plant cover of a fal-
low field [30].
CONCLUSIONS
1. Vascular plants of the Podlaski Przełomu Bugu 
mesoregion include 442 species. Their number is 
the highest in 3–6-year fallows (355 species), while 
with increasing fallow age it decreases to 205 spe-
cies in fallows older than 10 years.
2. Regardless of fallow age, hemicryptophytes are the 
dominant biological type and they have the highest 
percentage in vascular plants in 7–10-year fallows.
3. In vascular plants of all age groups, native species 
dominate; their proportion increases with incre-
asing fallow age and at the same time the percenta-
ge of alien species decreases.
4. With increasing fallow age, the proportion of forest 
species belonging to deciduous forests and shrub 
communities, mixed coniferous forests and nitro-
philous thicket and fringe communities increases, 
while the percentage of segetal species decreases.
5. The synanthropization indices show that with the 
passage of time from the abandonment of cultiva-
tion the species composition of vascular plants in 
fallow lands which make up segetal communities 
evolves towards less synanthropic communities.
6. Vascular plants of 3–6-year fallows are characteri-
zed by the highest diversity index, whereas species 
dominance is the highest in the oldest fallows.
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Zróżnicowanie florystyczne
zbiorowisk odłogów Podlaskiego Przełomu Bugu 
w zależności od czasu wyłączenia pól z uprawy.
S t r e s z c z e n i e
Badania odłogów Podlaskiego Przełomu Bugu 
przeprowadzono w latach 2001–2004 w 77 miejsco-
wościach należących do 20 gmin położonych w dolinie 
Bugu na odcinku rzeki od Terespola do Małkini Gór-
nej. Celem badań była inwentaryzacja roślin naczy-
niowych terenów odłogowanych i ich wieloaspektowa 
analiza. Określono zmiany ilościowe i jakościowe za-
chodzące w roślinności odłogów z upływem czasu od 
zaprzestania celowych zabiegów uprawowych. Zba-
dano płaty roślinne odłogów 1–2 letnich, 3–6 letnich, 
7–10 letnich i powyżej 10 letnich. Rośliny naczyniowe 
odłogów terenu badań liczą 442 gatunki. Najbogatsze
w gatunki były odłogi 3–6 letnie (355 gatunków). Wraz 
z wiekiem odłogów liczebność gatunków malała do
205 gatunków na odłogach powyżej 10-letnich. W zbio-
rowiskach odłogów dominowały hemikryptofity. Na 
najmłodszych odłogach współdominującym typem bio-
logicznym były terofity. Chamefity i geofity wszystkich 
grup wiekowych odłogów stanowiły około 5%. Wśród 
roślin naczyniowych odłogów dominowały gatunki 
rodzime, których udział wzrastał z wiekiem odłogów, 
jednocześnie zmniejszał się udział archeofitów. Wraz
z wiekiem odłogów wzrasta także udział gatunków cha-
rakterystycznych dla zbiorowisk leśnych, równocześnie 
malał udział gatunków segetalnych. Wraz z upływem 
czasu od zaprzestania uprawy widoczne jest ewoluowa-
nie szaty roślinnej odłogów od zbiorowisk segetalnych 
w kierunku zbiorowisk mniej zsynantropizowanych.
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